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Background: Anterior bone loss (ABL) is a common phenomenon after cervical disc replacement (CDR), 
which can also be observed after anterior cervical discectomy and fusion (ACDF). This study aimed to 
investigate the incidence and severity of ABL in single-level CDR and ACDF and explore the association of 
cervical sagittal alignment with ABL.
Methods: This is a single-center retrospective cohort study. A total of 113 patients treated with CDR and 
99 patients treated with ACDF were retrospectively reviewed from January 2014 to December 2018 in West 
China Hospital. Radiological data were collected at pre-operation, 1 week, 3 months postoperatively, and 
the last follow-up. The incidence and severity of ABL after both CDR and ACDF were evaluated. Cervical 
sagittal alignment parameters, including C0–C2 angle, cervical lordosis (CL), C2–C7 sagittal vertical axis 
(cSVA), T1 slope, functional spinal unit angle, disc angle, and surgical level slope, were evaluated.
Results: ABL was identified in 75 (66.4%) patients in the CDR group and 57 (57.6%) patients in the 
ACDF group. There were no significant differences in the incidence, severity, and location of ABL between 
the ACDF and CDR groups. For patients who underwent ACDF, the proportion of females was significantly 
higher in the ABL group (64.9% vs. 33.3%, P=0.002), whereas the body mass index (BMI) was significantly 
lower in the ABL group compared to the non-ABL group (22.72±3.09 vs. 24.60±3.04, P=0.002). No effect 
of ABL on the short-term clinical outcomes of ACDF and CDR was observed. In the ACDF group, patients 
with ABL had significantly smaller postoperative CL (11.83°±8.24° vs. 15.25°±8.32°, P=0.04) and cSVA 
(17.77±10.08 vs. 23.35±9.86 mm, P=0.007). In the CDR group, no significant differences were found in the 
cervical sagittal parameters between patients with and without ABL (CL: 12.58±8.70 vs. 15.46±8.50, P=0.10; 
cSVA: 20.95±8.54 vs. 19.40±9.43, P=0.38).
Conclusions: ABL is common after both CDR and ACDF with comparable incidence and severity. 
Cervical sagittal alignment was closely related to ABL after ACDF yet had less influence on ABL after CDR.
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Introduction

Cervical disc replacement (CDR) is an effective non-fusion 
technique for the treatment of cervical radiculopathy and 
myelopathy as an alternative to anterior cervical discectomy 
and fusion (ACDF). Clinical trials with long-term follow-up 
and meta-analyses have demonstrated that CDR achieves at 
least equivalent clinical outcomes compared to ACDF (1-3). 
Anterior bone loss (ABL) is a bone loss phenomenon of the 
anterior region of the vertebral bodies usually commencing 
within 3 months after CDR and remaining stable after the 
first year (4,5). A recent systematic review by Wahbeh et al. (6) 
highlighted the distinction between non-inflammatory bone 
loss and osteolysis after CDR, which may have been used 
interchangeably in previous reports and led to misleading 
conclusions. They clarified that osteolysis is a less common 
complication and presents more than a year postoperatively, 
which is generally progressive and often leads to revision 
surgery. By contrast, bone loss is regarded as a non-
progressive phenomenon that frequently observed after 
CDR and rarely leads to revision. Nonetheless, ABL could 
reduce the contact area of the bone-implant interface and 
probably increase the implant micromotion and the risk for 
implant subsidence and even implant failure, which could 
be more evident in multilevel anterior cervical surgery (7).  
In addition, the occurrence of ABL may be associated with 
the pain symptoms at the early stage postoperatively and 
lead to poor surgical efficacy (5,8). However, the exact 
mechanism and risk factor of bone loss are still unclear; 
several hypotheses include mechanical stress shielding, 
implant micromotion, injury of nutrient vessels, reaction 
to wear debris, and infection (4,5,8-10). Recently, many 
researchers have proposed that ABL may be a response to 
global and segmental biomechanical environment of the 
cervical spine after surgery, which is also intimately related 
to the cervical sagittal alignment (11-15). Cervical sagittal 
alignment plays an important role in transmitting axial 
loads and maintaining biomechanical balance of the cervical 
spine, and might be related to the bone remodeling process 
after anterior cervical surgery (16). Studies have suggested 
that surgical segment slope may influence the intervertebral 
fusion process after ACDF (17,18). Cervical sagittal vertical 
axis (SVA) has also been reported to be associated with the 
anterior bone formation after CDR (19). However, the 
association between cervical sagittal alignment and ABL has 
been underinvestigated. 

Previous studies have stated that ABL might not occur 
at the fusion segment after ACDF due to the more evenly 

distributed loading force at the bone-implant interface 
(11,20). Interestingly, we found that the ABL was also 
visible in the postoperative radiographs of patients who 
underwent ACDF using zero-profile (Zero-P) cage in our 
clinical practice (21), which has the same anterior surgical 
approach and some procedures such as removal of anterior 
longitudinal ligament, disc tissues, posterior longitudinal 
ligament, and osteophytes with CDR. Kieser et al. (4) also 
encouraged the evaluation of ABL after ACDF to further 
clarify its mechanism. However, occurrence of ABL after 
ACDF has been rarely reported. Whether the incidence 
and risk factors for ABL in ACDF would be different from 
those of CDR remains unclear. Therefore, the present study 
aimed to investigate the incidence and severity of ABL in 
single-level CDR and ACDF and explore the association 
of cervical sagittal alignment with ABL. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1338/rc).

Methods

Study population

This is a single-center retrospective cohort study with 
prospectively collected data. We searched the database 
for single-level anterior cervical surgery that had been 
performed in our center before the study and identified 
the periods with relatively stable and balanced numbers of 
CDR and ACDF patients. This study reviewed patients 
who were admitted from January 2014 to December 
2018 and underwent single-level CDR using Prestige-LP 
disc (Medtronic Sofamor Danek, Memphis, TN, USA) 
and single-level ACDF Zero-P spacer (Synthes GmbH, 
Oberdorf, Switzerland) in West China Hospital and 
were followed up for at least 12 months. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study protocol was approved by 
the Medical Ethical Committee of West China Hospital, 
Sichuan University (No. 20190946) and informed consent 
was provided by all the patients. Patients were included if 
they were diagnosed with 1-level cervical degenerative disc 
disease between C3 and C7 causing symptomatic cervical 
myelopathy or radiculopathy and had no response to strict 
conservative treatment for at least 12 weeks. Preoperative 
X-ray, computed tomography (CT), and magnetic resonance 
imaging (MRI) were performed on all the patients to 
confirm the diagnoses. Patients were diagnosed if their 

https://qims.amegroups.com/article/view/10.21037/qims-23-1338/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1338/rc
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radiological findings such as spinal cord compression or 
nerve root compression were consistent with their clinical 
symptoms and signs. The exclusion criteria were as follows: 
(I) history of trauma or prior cervical spine surgery; (II) 
spinal deformity: including basilar invagination, Klippel-Feil 
syndrome, and spinal scoliosis; (III) spinal tumor, infectious 
disease, and other non-degenerative cervical spine diseases; 
(IV) follow-up period <1 year. The demographic data and 
surgical level distribution between patients who underwent 
CDR and ACDF were compared.

Surgical techniques

All the surgeries were performed by the same senior spine 
surgeon. The patient was placed in a supine position with 
the neck in a neutral position after general anesthesia. A 
standard right-side Smith-Robinson approach was used. 
After exposure, thorough decompression of indicated 
levels was routinely performed, including the removal 
of anterior longitudinal ligament, disc tissue, cartilage, 
posterior longitudinal ligament, and osteophytes. A high-
speed burr was then used to prepare the endplates. For 
arthroplasty, a rail cutter and bit were used to drill the 
fixation channels in the endplate, and a proper-sized 
Prestige-LP Disc was inserted. For fusion, the appropriate 
Zero-P spacer filled with artificial or local excised bone 
was inserted into the intervertebral space. A total of four 
screws were then implanted and locked. The placement of 
implants was verified using C-arm fluoroscopy. A drainage 
tube was inserted after thorough irrigation and meticulous 
hemostasis before closing the incision. Before discharge, 
patients were asked to come to the outpatient clinic for 
clinical and radiological evaluations at 3, 6, 12 months, and 
once a year after surgery.

Clinical and radiological evaluation

Clinical outcomes of patients were assessed by the 
Japanese Orthopedic Association (JOA) score (22) and 
visual analogue scale (VAS) score (23) or the neck at 
pre-operation and final follow-up. Radiological data 
were assessed via lateral X-ray at pre-operation, 1 week 
postoperatively, 3 months postoperatively, and the last 
follow-up. The stability of the implant was also evaluated 
regarding implant subsidence and anteroposterior 
migration. Implant subsidence was defined as a decrease 
in the average height of anterior and posterior functional 
spinal unit (FSU) >2 mm (15). Implant anteroposterior 

migration was defined as the sum of the cranial and caudal 
translation of anterior border of the implant with respect 
to the posterior border of the vertebra >3 mm (24).  
ABL and cervical sagittal alignment parameters were 
evaluated on the lateral radiographs of the cervical 
spine, which were obtained with patients in a standing 
position and maintaining horizontal gaze, with their hips 
and knees extended. ABL was identified and classified 
according to the method of Kieser et al. (4,10). The 1-week 
postoperative X-ray was used as the baseline for ABL 
assessment and ABL was assessed at last follow-up. The 
X-ray of last follow-up was compared to that at 1-week 
postoperatively to determine the decreasing percentage 
of vertebral endplate length of the surgical level. ABL 
was classified into three groups: mild (≤5%), moderate 
(>5% and ≤10%), and severe (>10%). The location of 
ABL was also recorded based on the position of ABL 
relative to the implant, and each surgical level was divided 
into upper ABL (UABL) group and non-UABL group, 
lower ABL (LABL) and non-LABL group, respectively 
(Figure 1). The incidence, severity, and location of ABL 
were compared between the CDR and ACDF groups. In 
addition, the comparison of demographic data, surgical 
level distribution, and intraoperative data were performed 
between patients with and without ABL in CDR and 
ACDF group, respectively. Cervical sagittal alignment 
parameters included C0–C2 angle, cervical lordosis (CL), 
C2–C7 SVA (cSVA), T1 slope, FSU angle, disc angle, 
and surgical level slope. C0–C2 angle was defined as the 
angle between McGregor’s line and inferior endplate 
of C2 vertebral body. CL was recorded through C2–C7 
Cobb angle. cSVA was measured by the distance between 
the posterosuperior corner of C7 vertebra and the plumb 
line from the center of C2 vertebra. T1 slope was defined 
as the angle between the superior endplate of T1 and the 
horizontal line. FSU angle was the angle between the lines 
from the superior endplate of the cranial vertebra and the 
inferior endplate of the caudal vertebra of the surgical 
level. Disc angle refers to the angle formed between the 
upper and lower endplates of the surgical intervertebral 
space. Surgical level slope was defined as the angle between 
the lower endplate of the surgical level and the horizontal 
line (Figure 2). We compared the differences of sagittal 
alignment parameters and their changes between patients 
with and without ABL in the CDR and ACDF groups, 
respectively. The relationship between sagittal alignment 
parameters and the severity of ABL was also explored. 
All the radiological measurements were independently 
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Figure 1 ABL after single-level anterior cervical surgery. (A) Schematic depicting the progression of ABL. The gray area represents 
the bone loss area of anterior portion of vertebral body. (B-D) Lateral radiography showed ABL after single-level CDR. (E-G) Lateral 
radiography showed ABL after single-level ACDF. ABL that occurred superior to the implant was defined as UABL (white arrows) and ABL 
that occurred inferior to the implant was defined as LABL (black arrows). Non-UABL referred to the surgical level without ABL occurring 
superior to the implant, regardless of whether there was LABL. Analogously, non-LABL was defined if ABL did not occur inferior to the 
implant regardless of whether there was UABL. If no ABL occurred in neither superior nor inferior to the implant, it was defined as non-
ABL. 1w, 1 week after surgery; 3m, 3 months after surgery; last, last follow-up; ABL, anterior bone loss; CDR, cervical disc replacement; 
ACDF, anterior cervical discectomy and fusion; UABL, upper ABL; LABL, lower ABL.
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assessed by two spine surgeons, and the means value of 
their measurements were used for subsequent analysis.

Statistical analysis

Statistical analyses were performed using the software SPSS 
25.0 (IBM Corp., Armonk, NY, USA). The interobserver 
reliability of the radiological measurements was assessed 
using intraclass correlation coefficient (ICC). Results for 
continuous variables such as cervical sagittal parameters, 
clinical outcome score, age, and body mass index (BMI) 
were presented as mean ± standard deviation. Independent 
t-test was used to analyze the differences of these data 
between groups with and without ABL when the data 
followed normal distribution. Mann-Whitney U test was 
used for the comparison if the data were non-normally 
distributed. Categorical variables, including the incidence, 
degree, location of ABL, gender, implant subsidence, and 
so on, were presented as case number and percentage. Chi-

square or Fisher’s exact test was used for the comparison 
of above categorical variables between groups according to 
the requirements. A two-tailed P value <0.05 was defined as 
statistical significance.

Results 

Patient demographics

Initially, 364 patients who underwent single-level CDR and 
ACDF were identified. Among them, 273 patients met the 
inclusion criteria and were included in further screening. 
After excluding other types of implants and patients with 
previous cervical surgery history, 245 participants were 
enrolled for data collection. Finally, 212 patients with a 
minimum of 12-month follow-up and complete clinical 
and radiological data were enrolled in this study (Figure 3), 
including 113 patients who underwent single-level CDR 
and 99 patients who underwent single-level ACDF. There 

Figure 2 Radiological assessment of cervical sagittal alignment parameters. (A) The measurement methods of C0–C2 angle, CL, FSU angle, 
and disc angle. (B) The measurement methods of cSVA, surgical level slope, and T1 slope. C0–C2 angle was defined as the angle between 
McGregor’s line and inferior endplate of C2 vertebral body. CL was defined as the angle formed between the inferior endplate of C2 and 
C7 vertebral body. cSVA was the distance between the posterosuperior corner of C7 vertebra and the plumb line from the center of C2 
vertebra. T1 slope was the angle between the superior endplate of T1 and the horizontal line. FSU angle was formed between the lines from 
the superior endplate of the cranial vertebra and the inferior endplate of the caudal vertebra. Disc angle was defined as the angle formed 
between the upper and lower endplate of the intervertebral space. Surgical level slope was defined as the angle between the inferior endplate 
of the surgical level and the horizontal line. CL, cervical lordosis; FSU, functional spinal unit; cSVA, C2–C7 sagittal vertical axis.
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were 46 males and 67 females in the CDR group and  
48 males and 51 females in the ACDF group. The mean 
age of patients at the time of surgery was 42.83±8.53 years 
in the CDR group and 50.91±11.81 years in the ACDF 
group (P<0.001), with a mean follow-up period of 27.05± 

17.27 months. The surgical level distribution in CDR and 
ACDF group were 5 and 8 cases at C3/4, 18 and 6 at C4/5, 
80 and 78 at C5/6, and 10 and 7 at C6/7, respectively. 
Detailed information on demographic data is summarized 
in Table 1. No implant and screw loosening happened and 
none of the patients required a second surgery of the index 
or adjacent segment in this cohort. 

Overview of ABL

The ICC for interobserver reliability of ABL was 0.91. The 
ICC of cervical sagittal parameters also showed excellent 
agreement (0.90 for C0–C2 angle, 0.96 for CL, 0.92 for 
cSVA, 0.94 for T1 slope, 0.90 for FSU angle, 0.95 for 
surgical level slope, and 0.94 for disc angle, respectively). 
Among 212 patients, ABL was identified in 75 (66.4%) 
patients in the CDR group and 57 (57.6%) patients in the 
ACDF group (P=0.19). For patients in CDR group, mild 
ABL occurred in 26 (23.0%) segments, moderate ABL 
occurred in 36 (31.9%) segments, and severe ABL occurred 

Figure 3 Flowchart of included participants. CDR, cervical disc replacement; ACDF, anterior cervical discectomy and fusion.

Table 1 Demographic data

Variable CDR ACDF P value

No. of patients 113 99 –

Age (years) 42.83±8.53 50.91±11.81 <0.001*

Sex (M/F) 46/67 48/51 0.25

BMI (kg/m2) 22.80±2.53 23.52±3.19 0.10

Follow-up (months) 29.65±18.84 24.09±14.82 0.14

Data are presented as mean ± standard deviation for continuous 
variables and presented as case number for categorical 
variables. *, statistically significant difference. CDR, cervical disc 
replacement; ACDF, anterior cervical discectomy and fusion; 
BMI, body mass index; M, male; F, female.

Single-level CDR and ACDF participants 
identified through database searching

(n=364)

Participants screened
(n=273)

Participants enrolled for data collection
(n=245)

Participants involved for analysis
(n=212)

Participants excluded:
• Surgery at C2/3 or C7/T1 level (n=11)
• Other indications for surgery (n=15)
• Less than 1-year follow-up (n=65)

Participants excluded:
• Other type of implants (n=22)
• Previous cervical surgery (n=6)

Participants excluded:
• Incomplete follow-up data (n=29)
• Poor image quality (n=4)
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in 13 (11.5%) segments. In the ACDF group, there were  
21 cases (21.2%) of mild ABL, 22 cases (22.2%) of moderate 
ABL, and 14 cases (14.1%) of severe ABL. ABL of the 
upper adjacent level was found in 67 patients (59.3%) in 
CDR group and 53 patients (53.5%) in ACDF group, while 
ABL of the lower adjacent level was detected in 48 patients 
(42.5%) for CDR and 40 patients (40.4%) for ACDF. 
40 patients (35.4%) in the CDR group and 36 patients 
(36.4%) in the ACDF group had ABL in both upper and 
lower levels. There were no significant differences in the 
incidence, degree, and location of ABL between ACDF 
and CDR groups (Table 2). For patients who underwent 
CDR, there were no significant differences in age, sex, 
BMI, blood loss, operative time, and surgical levels between 
ABL and non-ABL groups. For patients treated with 
ACDF, significant differences were found in sex and BMI 
between patients with and without ABL. The proportion 
of females was significantly higher in the ABL group 
(P=0.002), whereas the BMI was significantly lower in the 
ABL group compared to the non-ABL group (P=0.002). 
When we further analyzed the relationship between age, 
sex, and BMI with ABL regardless of surgical intervention, 
the proportion of females was significantly higher in the 
ABL group (P=0.001), whereas the BMI was significantly 
lower in the ABL group compared with the non-ABL group 
(P=0.003) (Table S1). In ACDF and CDR groups, short-
term clinical outcomes including JOA and VAS of patients 
with and without bone resorption showed significant 

improvement after surgery, and there were no significant 
differences between patients with and without ABL in the 
ACDF group and CDR group at pre-operation and last 
follow-up. No implant migration was observed in this study. 
The subsidence rate was comparable between the ABL and 
non-ABL groups (Table 3). 

Cervical sagittal alignment and ABL

The comparison of cervical sagittal alignment parameters 
at pre-operation, 1 week, 3 months postoperatively, and 
last follow-up between patients with and without ABL 
are shown in Table 4. In the CDR group, no significant 
differences were found in the cervical sagittal parameters 
between patients with and without ABL. For patients 
who underwent ACDF, the CL at 1 week after surgery 
was significantly lower in the ABL group compared to 
non-ABL group (11.83°±8.24° vs. 15.25°±8.32°, P=0.04), 
whereas the T1 slope at this point in the ABL group 
was also significantly lower than that of non-ABL group 
(24.06°±6.85° vs. 27.35°±8.19°, P=0.03). Similarly, at the last 
follow-up, patients with ABL showed significantly smaller 
T1 slope compared to those without ABL (22.77°±7.08° 
vs. 25.78°±7.37°, P=0.02), and the CL was lower in the 
ABL group than that in non-ABL group yet the difference 
did not achieve statistical significance (11.40°±8.28° vs. 
14.76°±8.71°, P=0.05). Notably, the surgical level slope 
in patients with ABL was constantly lower compared to 
patients without ABL before surgery and during follow-
up, and the differences were statistically significant at pre-
operation (12.05°±5.98° vs. 14.71°±6.69°, P=0.02) and last 
follow-up (13.99°±6.43° vs. 16.97°±5.88°, P=0.02). No 
significant differences in sagittal parameters of ABL with 
different severity were observed (Figures S1,S2).

Cervical sagittal alignment and ABL of upper and lower 
adjacent level

The association of postoperative cervical sagittal alignment 
and ABL of the upper and lower adjacent level is presented 
in Tables 5,6. In the CDR group, patients with UABL had 
significantly higher C0–C2 angle at 1 week after surgery 
compared to those without UABL (19.85°±6.74° vs. 
17.07°±6.45°, P=0.03), and no significant differences were 
found between patients with and without LABL. In the 
ACDF group, patients with LABL had significantly smaller 
cSVA at 1 week postoperatively (17.77±10.08 vs. 23.35± 

Table 2 The incidence, degree, and location of anterior bone loss

Variable CDR ACDF P value

ABL 75 (66.4) 57 (57.6) 0.19

Degree of ABL 0.36

None 38 (33.6) 42 (42.4)

Mild 26 (23.0) 21 (21.2)

Moderate 36 (31.9) 22 (22.2)

Severe 13 (11.5) 14 (14.1)

Location of ABL

Upper level 67 (59.3) 53 (53.5) 0.40

Lower level 48 (42.5) 40 (40.4) 0.76

Both 40 (35.4) 36 (36.4) 0.88

Data are presented as n (%). CDR, cervical disc replacement; 
ACDF, anterior cervical discectomy and fusion; ABL, anterior 
bone loss.

https://cdn.amegroups.cn/static/public/QIMS-23-1338-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-23-1338-Supplementary.pdf
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9.86 mm, P=0.007) and last follow-up (15.80±9.66 vs. 
21.41±9.18 mm, P=0.004). In the CDR group, the change 
of disc angle during follow-up was significantly smaller 
in the UABL segments than that of non-UABL segments 
(−2.73°±3.82° vs. −4.46°±3.78°, P=0.02). No significant 
correlation of the CL and disc angle changes with ABL was 
observed in the ACDF group.

Discussion

In this study, we found that ABL was common after both 
CDR and ACDF. Cervical sagittal alignment was closely 
associated with ABL after ACDF whereas it had less effect 
on ABL after CDR. We postulated that this might be due 
to different segmental motion and bone remodeling process 
at the bone-implant interface between CDR and ACDF. 
Previous studies had suggested that early osseointegration is 

feasible in the prosthesis and endplate interface after CDR, 
which enables a firm fixation between the prosthesis and 
vertebral endplate (11,25-29); however, such a remodeling 
process is absent after ACDF using Zero-P spacers (30). In 
addition, the arthroplasty segment may have the potential 
to adapt to the cervical sagittal alignment by changing the 
segmental angle due to its preserved motion. Accordingly, 
we found that patients without ABL of the upper adjacent 
level had significantly larger postoperative changes in disc 
angle. In contrast, the fusion segment had limited ability 
to change after surgery, thereby being frequently affected 
by the sagittal alignment. Notably, we only involved 
patients with single-level cervical degenerative disc disease 
in the present study, thus their sagittal alignments were 
less imbalanced and within the relatively normal range. 
According to the bone physiology feature, disuse-mode 
remodeling would commence to remove some bone if the 

Table 3 Comparison of patients with and without anterior bone loss in single-level CDR and ACDF group

Variables
CDR ACDF

Non-ABL ABL P value Non-ABL ABL P value

No. of patients 38 75 – 42 57 –

Age (years) 43.00±9.45 42.75±8.10 0.88 53.19±12.47 49.23±11.12 0.10

Sex (M/F) 19/19 27/48 0.15 28/14 20/37 0.002*

BMI (kg/m2) 23.02±2.62 22.68±2.50 0.50 24.60±3.04 22.72±3.09 0.002*

Blood loss (mL) 48.29±31.11 49.47±32.96 0.26 49.76±17.87 51.58±25.06 0.63

Operative time (min) 113.68±27.15 119.20±23.12 0.85 120.00±22.95 122.11±27.69 0.68

Level distribution 0.22 0.08

C3/4 1 4 3 5

C4/5 4 14 1 5

C5/6 27 53 32 46

C6/7 6 4 6 1

JOA score

Pre-operation 12.23±0.93 12.04±1.15 0.83 12.19±0.66 11.97±0.67 0.28

Last follow-up 15.85±0.38 16.09±0.85 0.33 16.06±0.57 15.87±0.51 0.24

VAS score

Pre-operation 5.82±0.65 5.81±0.61 0.92 5.64±0.79 5.51±0.80 0.41

Last follow-up 1.55±0.50 1.51±0.50 0.64 1.31±0.52 1.37±0.49 0.61

Implant subsidence 4 6 0.73 8 7 0.35

Data are presented as mean ± standard deviation for continuous variables and presented as case number for categorical variables.  
*, statistically significant difference. CDR, cervical disc replacement; ACDF, anterior cervical discectomy and fusion; ABL, anterior bone 
loss; BMI, body mass index; JOA, Japanese Orthopedic Association; VAS, visual analogue scale.



Quantitative Imaging in Medicine and Surgery, Vol 14, No 3 March 2024 2507

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(3):2499-2513 | https://dx.doi.org/10.21037/qims-23-1338

Table 4 Cervical sagittal alignment parameters of patients with ABL and without ABL in single-level CDR and ACDF group

Variables
CDR ACDF

Non-ABL ABL P value Non-ABL ABL P value

No. of patients 38 75 – 42 57 –

C0–C2 angle (°)

Pre-operation 20.69±6.14 22.93±8.70 0.12 22.00±7.00 22.30±8.19 0.85

1 week 17.42±5.67 19.38±7.16 0.14 20.91±7.14 19.38±6.34 0.26

3 months 22.02±6.61 23.06±6.93 0.45 25.16±8.25 23.30±7.67 0.25

Last follow-up 20.60±7.17 22.94±8.10 0.13 22.29±8.23 21.86±7.71 0.79

CL (°)

Pre-operation 8.50±9.37 8.00±9.06 0.79 10.08±9.11 9.37±11.26 0.74

1 week 15.46±8.50 12.58±8.70 0.10 15.25±8.32 11.83±8.24 0.04*

3 months 10.27±9.15 8.98±8.16 0.45 12.73±9.84 9.11±9.79 0.07

Last follow-up 12.64±7.24 12.02±8.12 0.69 14.76±8.71 11.40±8.28 0.05

cSVA (mm)

Pre-operation 19.64±8.86 17.48±8.36 0.21 19.59±12.40 15.11±9.29 0.12

1 week 19.40±9.43 20.95±8.54 0.38 22.92±10.72 19.75±9.81 0.13

3 months 18.26±8.76 19.43±8.64 0.50 20.48±10.35 19.71±9.74 0.70

Last follow-up 19.02±8.90 18.26±7.58 0.64 21.31±9.14 17.54±9.92 0.06

T1 slope (°)

Pre-operation 19.07±5.90 18.89±7.25 0.89 22.52±6.91 21.74±6.69 0.58

1 week 22.45±6.02 22.49±6.56 0.97 27.35±8.19 24.06±6.85 0.03*

3 months 19.36±5.56 20.04±6.54 0.58 23.97±6.88 23.28±7.15 0.63

Last follow-up 20.35±5.28 19.80±7.44 0.68 25.78±7.37 22.77±7.08 0.02*

FSU angle (°)

Pre-operation −1.54±5.31 −1.15±4.49 0.68 0.71±4.58 0.59±5.78 0.87

1 week 2.65±3.93 2.24±4.34 0.62 5.15±4.33 3.67±3.92 0.08

3 months 0±4.71 −0.03±4.51 0.98 3.32±3.19 2.98±4.05 0.66

Last follow-up −0.63±3.75 −0.20±4.59 0.62 2.32±3.27 2.94±4.28 0.49

Surgical level slope (°)

Pre-operation 13.25±5.90 11.50±6.59 0.17 14.71±6.69 12.05±5.98 0.02*

1 week 17.50±7.92 17.99±5.92 0.71 18.20±7.76 15.67±5.78 0.08

3 months 15.64±6.58 15.74±6.32 0.94 16.33±6.13 15.00±5.95 0.21

Last follow-up 16.28±8.56 15.55±5.92 0.60 16.97±5.88 13.99±6.43 0.02*

Data are presented as mean ± standard deviation. *, statistically significant difference. ABL, anterior bone loss; CDR, cervical disc 
replacement; ACDF, anterior cervical discectomy and fusion; CL, cervical lordosis; cSVA, C2–C7 sagittal vertical axis; FSU, functional 
spinal unit.
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Table 5 Anterior bone loss of the upper adjacent level 

Variables
CDR ACDF

Non-UABL UABL P value Non-UABL UABL P value

No. of patients 46 67 – 46 53 –

C0–C2 angle (°)

Post-op 17.07±6.45 19.85±6.74 0.03* 21.05±7.34 19.14±6.02 0.16

3 months 21.44±7.15 23.58±6.48 0.10 25.16±8.01 23.16±7.83 0.21

Last follow-up 20.44±7.26 23.33±8.06 0.05 22.60±8.20 21.56±7.67 0.52

CL (°)

Post-op 14.95±8.90 12.58±8.49 0.14 15.01±8.09 11.78±8.46 0.06

3 months 9.84±8.89 9.13±8.26 0.66 12.06±9.91 9.41±9.86 0.19

Last follow-up 11.96±7.68 12.42±7.95 0.76 14.38±8.76 11.49±8.28 0.09

cSVA (mm)

Post-op 18.63±9.61 21.66±8.11 0.07 21.97±11.18 20.33±9.46 0.43

3 months 17.80±8.25 19.88±8.89 0.21 20.43±9.98 19.69±10.02 0.71

Last follow-up 18.82±8.45 18.30±7.76 0.73 20.50±9.48 17.97±9.88 0.20

Disc angle (°)

Post-op 5.02±5.68 5.02±4.77 0.67 1.72±1.67 2.20±1.93 0.19

3 months 1.44±6.09 3.06±4.52 0.13 1.61±1.39 1.54±2.14 0.81

Last follow-up 0.55±5.66 2.29±4.43 0.07 0.86±1.45 1.37±1.69 0.06

ΔCL (°)

Post-pre 6.65±7.45 4.50±8.84 0.18 5.53±10.30 1.94±9.93 0.08

Last-post −2.99±7.83 −0.17±8.33 0.07 −0.63±6.94 −0.29±7.11 0.81

ΔDisc angle (°)

Post-pre 4.65±6.11 5.15±4.34 0.52 0.64±2.67 1.24±3.75 0.65

Last-post −4.46±3.78 −2.73±3.82 0.02* −0.85±2.04 −0.84±2.51 0.97

Data are presented as mean ± standard deviation. *, statistically significant difference. CDR, cervical disc replacement; ACDF, anterior 
cervical discectomy and fusion; UABL, upper anterior bone loss; post-op, values at 1 week postoperatively; CL, cervical lordosis; cSVA, 
C2–C7 sagittal vertical axis; post-pre, values at 1 week postoperatively minus preoperative values; last-post, values at last follow-up 
minus values at 1 week postoperatively.

bone strain is below the lower threshold of steady state (31). 
Thus, the biomechanical differences caused by differences 
in sagittal alignment may not have been significant enough 
to reach the bone remodeling threshold in this study. The 
relationship between sagittal alignment and bone loss might 
be more apparent after multilevel anterior cervical surgery 
and warrants further studies.

Previous  s tudies  have  supposed that  ABL is  a 
phenomenon unique to CDR and may not occur after 
ACDF (11,12,20); however, in this study, we found that ABL 

was also frequently observed in patients treated with ACDF 
using Zero-P spacer, which is composed of an anterior 
Zero-P titanium plate and posterior polyetheretherketone 
(PEEK) cage. In our study, ABL was identified in 66.4% 
of patients after CDR and 57.6% of patients after ACDF, 
which is consistent with previous studies. Kieser et al. (4) 
found that ABL was a common condition identified in 
57.1% of segments after CDR, which typically commenced 
within 3 months after surgery and remained stable after the 
first year. Chen et al. (11) reported that 43.8% of patients 
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treated with CDR developed ABL of the upper adjacent 
vertebra, while 44.6% had ABL of the lower adjacent 
vertebra. A study by Wu et al. (13) suggested that ABL 
was detected in 56.6% of patients after CDR, most of 
which occurred within the first 3 months, and no further 
progression was found after 12 months. Kieser et al. (4)  
believed that the development of ABL was less affected 
by implant-related stress shielding but mainly due to the 
surgical technique used in anterior cervical surgery. The 
widely used Smith-Robinson approach in anterior cervical 

surgery includes the resection of anterior longitudinal 
ligament, which could contribute to decreased stress in 
the anterior portion of the vertebra and result in bone 
resorption (32). In this regard, despite the differences in 
implant and postoperative mobility, ABL could also occur 
after ACDF surgery using Zero-P implant. In addition, 
we found that there were no significant differences in the 
incidence, severity, and location of ABL between CDR 
and ACDF groups in the current study. However, it must 
be clarified that the results were likely affected by the 

Table 6 Anterior bone loss of the lower adjacent level

Variables
CDR ACDF

Non-LABL LABL P value Non-LABL LABL P value

No. of patients 65 48 – 59 40 –

C0–C2 angle (°)

Post-op 18.74±5.84 18.69±7.85 0.96 20.53±7.21 19.29±5.87 0.37

3 months 23.07±6.77 22.22±6.91 0.51 24.71±7.88 23.17±8.03 0.35

Last follow-up 21.82±7.53 22.60±8.31 0.60 21.98±7.96 22.14±7.91 0.92

CL (°)

Post-op 14.59±8.81 12.14±8.44 0.14 14.12±8.73 12.04±7.85 0.23

3 months 9.83±9.12 8.85±7.60 0.54 11.32±9.94 9.64±9.94 0.41

Last follow-up 12.49±7.40 11.87±8.40 0.68 13.52±8.45 11.81±8.79 0.33

cSVA (mm)

Post-op 20.65±8.78 20.12±9.00 0.75 23.35±9.86 17.77±10.08 0.007*

3 months 19.00±8.64 19.08±8.78 0.96 20.37±10.49 19.54±9.22 0.69

Last follow-up 19.44±8.45 17.26±7.29 0.15 21.41±9.18 15.80±9.66 0.004*

Disc angle (°)

Post-op 5.59±5.59 4.25±4.37 0.33 1.73±1.52 2.35±2.15 0.21

3 months 2.84±5.59 1.80±4.75 0.30 1.55±1.45 1.60±2.29 0.85

Last follow-up 1.86±5.44 1.21±4.41 0.50 0.83±1.52 1.58±1.63 0.06

ΔCL (°)

Post-pre 5.85±7.94 4.74±8.89 0.49 3.12±10.84 4.34±9.29 0.56

Last-post −2.09±7.63 −0.27±8.92 0.24 −0.60±7.42 −0.23±6.42 0.80

ΔDisc angle (°)

Post-pre 5.27±5.64 4.50±4.32 0.38 0.53±2.56 1.59±4.09 0.24

Last-post −3.73±4.15 −3.03±3.49 0.35 −0.89±1.99 −0.77±2.70 0.80

Data are presented as mean ± standard deviation. *, statistically significant difference. CDR, cervical disc replacement; ACDF, anterior 
cervical discectomy and fusion; LABL, lower anterior bone loss; post-op, values at 1 week postoperatively; CL, cervical lordosis; cSVA, 
C2–C7 sagittal vertical axis; post-pre, values at 1 week postoperatively minus preoperative values; last-post, values at last follow-up 
minus values at 1 week postoperatively.
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differences in age between the CDR and ACDF groups 
because the patients treated with ACDF were older than 
those who received CDR due to the different surgical 
indications. Besides, there were more female patients with 
ABL than male patients in both ACDF and CDR groups; 
the difference was significant in the ACDF group yet did 
not reach statistical significance in the CDR group. We 
interpreted that this may be related to the postmenopausal 
bone loss in females because of the generally older ages of 
patients in the ACDF group (33,34). Furthermore, we found 
that patients with ABL in the ACDF group had significantly 
lower BMI, which is consistent with previous reports (35,36). 
Patients with lower BMI may have higher levels of daily 
activities that could contribute to micromovement, which 
is considered another mechanism of bone loss (6,8,35). 
Interestingly, this study also found that sex and BMI were 
significantly correlated with ABL independent of surgical 
intervention, indicating that ABL may be a remodeling 
process influenced by systemic metabolism. Thus, further 
study with prospective randomized controlled designs is 
warranted to compare the incidence and severity of ABL 
after CDR and ACDF, in which the baseline conditions 
of patients in the two groups could be more comparable. 
Alternatively, the evaluation of ABL is supposed to be a 
routine item in prospective CDR or ACDF study.

In this study, the effects of the occurrence of ABL on 
clinical outcome scores and implant subsidence or migration 
were not observed for both ACDF and CDR patients, 
which was consistent with previous reports (4,11-14). For 
patients who underwent CDR, Kieser et al. (4) reported 
that ABL had no effects on the clinical outcomes or the 
requirement for revision. Wang et al. (14) also concluded 
that ABL neither influences patient outcomes nor increases 
the risk of postoperative complications. In addition, 
Wahbeh et al. (6) summarized the studies of bone loss after 
CDR in a recent systematic review and concluded that only 
one study reported the implant failure with severe bone 
loss (7). In this case, extensive bone loss with deformity was 
found on the radiographs 52 months postoperatively, and 
the patient presented with recurrent neck and arm pain with 
no alleviation until revision (7). In contrast, Heo et al. (5) 
reported early neck pain in the major bone loss group with 
long-term improvement. Due to the short-term follow-up 
of the current study, the mid-term and long-term influences 
of ABL on ACDF and CDR still need further observation.

Our results suggested that patients with ABL in the 
ACDF group had significantly smaller postoperative CL and 
T1 slope. When further analyses according to the location 

of ABL were performed, it was noted that cSVA was also 
significantly lower in patients with ABL of the lower adjacent 
level. cSVA is a parameter that measures the translation of 
cervical spine in the sagittal plane (16). Due to the inherent 
trigonometric relationships of the cervical spine, cSVA was 
considered the function of CL and T1 slope, which has been 
supported by both theoretical geometrical relationship and 
radiographic data analysis (37,38). Besides, a biomechanical 
study showed that increasing cSVA resulted in an increased 
mechanical burden of the anterior column of the cervical 
spine (39). Thus, it is assumed that larger SVA could impose 
more stress on the anterior portion of cervical spine and 
might prevent the development of bone resorption. For 
the regional sagittal parameter, postoperative surgical level 
slope was significantly smaller in the ABL group and had 
a similar trend with T1 slope. Surgical level slope may be 
influenced by the T1 slope, which acts like the abutment 
of the cervical spine. Sheng et al. (18) found an obvious 
correlation between T1 slope and surgical level slope. They 
also determined that increasing surgical level slope was 
a risk factor for non-fusion at postoperative early stage. 
The increased shear stress caused by the larger segmental 
slope may be detrimental to the bone remodeling process. 
However, the underlying mechanism requires further 
biomechanical study. Furthermore, when further exploring 
the relationships between cervical sagittal alignment with 
the severity of ABL, no significant differences were found. 
There are two possible reasons for this result. First, when 
categorized into four groups, each group had a limited 
number of patients compared to the classification of ABL 
and non-ABL directly. Second, the classification of the ABL 
severity used in this study was an ordinal classification based 
on the decreasing percentage of vertebral endplate length 
of surgical level. The determination of threshold value 
between each category may also affect the correlation.

In the CDR group, patients with ABL of the upper 
adjacent level had significantly larger postoperative C0–
C2 angle. The cervical spine is responsible for supporting 
the weight of the head. We hypothesized that an increase 
in C0–C2 angle may be accompanied with patients lifting 
their head and transferring more axial load to posterior 
column of cervical spine, thus reducing the load in the 
anterior column of the cervical spine. According to the bone 
physiology feature, the reduction of the load in the anterior 
portion of vertebral body may promote the development 
of bone resorption. Furthermore, we found that patients 
with ABL of the upper adjacent level had larger disc 
angles at last follow-up in the CDR group. However, the 
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difference did not reach statistical significance (P=0.07), 
probably attributed to the relatively small number of 
patients. Similarly, Chen et al. (11) retrospectively reviewed  
121 patients who underwent CDR using a Bryan disc and 
found that a larger shell angle might be the risk factor 
for ABL. For the segment with a larger shell angle, more 
loading could be shifted to the posterior components 
after surgery, thus reducing the loading undertaken by the 
anterior vertebral body.

There were several limitations to the present study. 
First, the retrospective nature may have allowed a potential 
bias. Second, the differences of several sagittal parameters 
such as FSU angle, disc angle, and surgical level slope 
were found between patients with and without ABL in the 
CDR group, yet the differences did not reach statistical 
significance, probably attributed to the relatively small 
sample sizes. Third, we used X-rays to detect ABL, which 
may be less sensitive than CT for ABL. Fourth, since we 
mainly focused on the relationship between cervical sagittal 
alignment and ABL, analyses of other factors of ABL were 
not involved. Fifth, only one type of implant was analyzed 
in both CDR and ACDF groups, which may undermine 
the generalizability of the results. Future studies with large 
sample sizes and different implants may provide more 
valuable insights into the mechanism of ABL. Despite these 
limitations, to the best of our knowledge, this is the first 
study to comprehensively explore the relationship between 
ABL and cervical sagittal alignment after single-level 
anterior cervical surgery.

Conclusions

ABL was a common phenomenon after CDR and ACDF. 
The incidence, severity, and location of ABL were 
comparable between patients treated with CDR and ACDF. 
The cervical sagittal alignment was closely related to the 
occurrence of ABL after ACDF yet had less influence on 
ABL after CDR, probably due to the preserved motion and 
the development of osseointegration in the bone-implant 
interface after CDR. Patients with ABL in the ACDF group 
had smaller postoperative CL, T1 slope, SVA, and surgical 
level slope.
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Supplementary

Table S1 Comparison of the characteristics of patients with and without ABL after single-level anterior cervical surgery

Variables Non-ABL ABL P value

No. of patients 80 132 –

Age (years) 48.35±12.20 45.55±10.01 0.11

Sex (M/F) 47/33 47/85 0.001*

BMI (kg/m2) 23.85±2.94 22.70±2.76 0.003*

Data are presented as mean ± standard deviation for continuous variables and presented as case number for categorical variables.  
*, statistically significant difference. ABL, anterior bone loss; BMI, body mass index.

Figure S1 Cervical sagittal alignment parameters of patients with non-ABL, mild, moderate, severe ABL in CDR group. Pre-op, pre-
operation; 1w, 1 week after surgery; 3m, 3 months after surgery; last, last follow-up; cSVA, C2–C7 sagittal vertical axis; FSU, functional 
spinal unit; ABL, anterior bone loss; CDR, cervical disc replacement.
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Figure S2 Cervical sagittal alignment parameters of patients with non-ABL, mild, moderate, severe ABL in ACDF group. Pre-op, pre-
operation; 1w, 1 week after surgery; 3m, 3 months after surgery last, last follow-up; cSVA, C2–C7 sagittal vertical axis; FSU, functional 
spinal unit; ABL, anterior bone loss; ACDF, anterior cervical discectomy and fusion.


